Zinc doped Cadmium Selenide Quantum Dots (CdSe/Zn QDs) were synthesized via inverse micelle technique. The absorption spectra exhibit a strong blue-shift characteristic due to quantum confinement effect. The X-ray Diffraction (XRD) pattern showed the zinc-blende phase of Zn doped CdSe QDs. Transmission Electron Microscopy (TEM) images suggested that the sizes of QDs were falls in range between 2 -8 nm, with narrow size distribution. The TEM images also revealed that the Zn doped CdSe QDs were spherical, having a compact and dense structure. The optical bandgap of Zn-doped CdSe QDs are smaller than the undoped CdSe QDs as shown in Tauc's plot. The fourier transform infrared spectra proves the complexion of CdSe-Zn QDs.
Introduction
Under the various sizes of the particles, it is important to control the emission properties of quantum dots for practical applications such as light emitting diodes (LED) for solar cells [2] , electrochemical [3] , agriculture [4] , bioimaging [5] [6] , sensitizers [7] [8] and sensors [9] . To work as proper light conversion materials for LEDs, high light conversion efficiency and excellent emission properties are strongly required as well as fine physical and chemical stability [10] . CdSe are most selected and attractive in previous researchers studied due to high photosensitivity properties. CdSe have cubic structures, average particle size about 3 nm, well-dispersed nanoparticles [11] . Doping CdSe with Zn atoms cause a peak broadening (002) give the decrease of average grain size, D. Zn atoms strongly influenced the optical properties of CdSe [12] .
In the previous years, CdSe QDs successfully produced by using non-TOP green route which is inverse Micelle technique [13] . Doping the Zn into CdSe thin films had been successfully grown by using pulsed laser deposition technique and the films grow crystalline and highly oriented. The particle size calculated from Debye-Scherrer, the average grain size for Zn doped CdSe films is 38.4 nm [12] .
In this work, Zn doped CdSe QDs are synthesized without using TOP solvent for different particles growth in several time interval. This new technique called inverse Micelle technique is more advantageous than TOP where it is safer, cheaper and green to environment. However, little information was obtained regarding the formation mechanism of CdSe QDs using this technique. This is the first time for synthesis Zn doped CdSe QDs by using this non-TOP green route. The mechanism for the synthesis is given in this work. The size-dependent properties of Zn doped CdSe QDs are also reported in this paper.
Experimental
Zn doped CdSe QDs were synthesized using zinc acetate, cadmium oxide and selenium as precursors. 0.5 g of CdO, 0.5 g of Zn acetate, 25 ml of paraffin oil and 15 ml of oleic acid were loaded in a three necks round bottom flask. The solution was heated and stirred to 160°C. The solution of CdZn in light yellow homogeneous solution was produced. Meanwhile, 0.079 g of Se in 50 ml of paraffin oil was carefully heated to 220°C with rapid stirring in another three necks round bottom flask. 5 ml of CdZn solution was swiftly injected into Se solution during rapid stirring when the temperature of Se solution reaches 220°C. The temperature was dropped to 208°C immediately, and rose to 220°C. The final temperature was maintained at 220°C. The solution turned orange and then wine red. Finally, the precipitate was isolated from solvents and unreacted reagent via centrifugation. The final product then washed with methanol and dried in vacuum at 50°C. The same procedure was repeated for different time intervals, i.e. 0.5, 1, 5, 16, 46 and 90 min.
The as-synthesized samples were characterized by Transmission Electron Microscopy (TEM) LEO LIBRA operating at 120 kV while the absorption spectra were recorded using UVIKON 923 Double Beam UV-Vis spectrometer. The complexion of CdSe/Zn QDs was investigated using the Fourier Transform Infrared Spectroscopy (FTIR) Perkin Elmer FTIR spectrophotometer in the wavenumber region between 4000 and 400 cm -1 . The X-ray diffraction (XRD) pattern was recorded using a Siemens D5000 X-ray diffractometer (Cu-Kα radiation, λ = 0.154 nm).
Results and discussion

Reaction Mechanism
Redox reactions are involved in the synthesis of Zn doped CdSe QDs. Se act as the oxidant and CdSe/Zn as the reduction product. The carbon atom in long alkane chains act as reducing agent while the long alkene chains act as oxidation agent. In the experiment, Se reduces to H 2 Se gas under heating while the long alkane chain is oxidised to the long alkene chain. The image shows spherical, well-dispersed and narrow size distribution. Fig. 2 shows the temporal evolution of absorption spectra for all samples. The absorption spectra show an excitonic peak from 475 to 585 nm. It is clearly seen that the absorption spectra of Zn doped CdSe QDs are red-shifted with increasing of the reaction time due to the growth in the QDs size. Fig. 3 shows the Tauc's plot of Zn doped CdSe QDs for all samples derived from the equation:
Where A is a constant, n= 2 for indirect allowed transitions, and α is the optical constant. Table 1 summarize the values of optical bandgap energy obtained for Zn doped CdSe QDs and CdSe QDs [13] [14] . From the table, it is clearly seen that the optical bandgaps of QDs are decreased with the increasing of reaction time due to the growth in QDs size. This phenomenon is called the quantum confinement effect. It is also seen that the optical bandgap pf Zn doped CdSe QDs are smaller than the undoped CdSe QDs. This indicates that the QDs size of Zn doped CdSe QDs are relatively bigger than the size of undoped CdSe QDs. The difference in size is due to the doping of Zn into the CdSe. . The band appears at 722 cm -1 corresponding to CH 2 vibrational mode. The peak at 1377 cm -1 shows the CH 3 bending in paraffin oil. C-N stretching behaviour can be shown by a peak at 1461 cm -1 . However the presence of peak at 1707 cm -1 indicates the signatures of capping agent, i.e. oleic acid bounded to Zn doped CdSe QDs. On the basis of the FTIR data, the surface of the Zn doped CdSe QDs is mainly coated with oleic acid ligand.
Fig . 5 shows the evolution of XRD pattern for Zn doped CdSe QDs at various reaction times. It is clearly seen that the peak becoming broader as the reaction time decreases. The crystallite size of CdSe/Zn QDs is calculated using Scherrer formula and tabulated in Table 2 . It is shown that the size is increase with the increasing of reaction time. All the particles shown crystalline and the diffraction peaks at wide angles gives the zinc-blende structure of Zn doped CdSe QDs. From the calculation of particle size by using Scherrer's formula, longer reaction time gave the bigger size of nanoparticle.
Conclusion
Well dispersed Zn doped CdSe QDs with a spherical shape and narrow size distribution was successfully synthesized. The absorption spectra exhibited a blue shift as the QDs size decreases due to quantum confinement effect. The optical band gap increases as the QDs size decreased. FTIR spectra confirmed the presence of oleic acid as a capping agent of Zn doped CdSe QDs samples. By changing the reaction time, the size of the QDs is tunable.
